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Three-dimensional Ultrasonic Angiography of
Fetal, Umbilical and Placental Vasculature
Using Advanced Dynamic Flow
Nobuhiro Hidaka*, Yoshihide Chiba
Background: Advanced Dynamic Flow (ADF), the software loaded in Toshiba’s Aplio series
of ultrasound apparatus (Toshiba Medical Systems, Tokyo, Japan), is useful for the detailed
examination of small vessels such as fetoplacental or umbilical cord vasculature because
of its high resolution and low blooming. The purpose of this study was to investigate
the accuracy with which the fetoplacental vasculature is depicted by three-dimensional
ultrasonic angiography using ADF.
Materials and Methods: Approximately 100 placentas, umbilical cords and fetuses, with
and without abnormalities, at various gestational ages were investigated over a period
of 1 year. We performed freehand scanning with the sector-scanning bracket using a
three-dimensional magnetic position sensor.
Results: The umbilical cord insertion, placental vasculature, and superficial anastomosis
in a monochorionic placenta were clearly depicted. Fetal vessels such as those of the
portal and hepatic venous system could be clearly reconstructed.
Conclusion: ADF is suitable for the accurate depiction of fetoplacental vasculature for
the three-dimensional reconstruction of vessels. The technique of three-dimensional ultrasonic
angiography using ADF is reliable for visualizing fetal, umbilical and placental vasculature.
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Introduction
There is consistent evidence that color Doppler
ultrasound is useful for the imaging of the fetal and
placental vasculature. However, conventional color
Doppler ultrasound has a few limitations, such as
insufficient distance resolution and a high level of
clutter and overpainting. Therefore, the flow signal
quality of conventional color Doppler is believed to
be insufficient for the visualization of fetoplacental
blood flow. Advanced Dynamic Flow (ADF), which
exploits the wideband Doppler transmission capa-
bilities of the Aplio series of ultrasound systems
(Toshiba Medical Systems, Tokyo, Japan), is a flow
mapping method in which reduced overpainting,
reduced clutter and high signal resolution are
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achieved. This method also enables the determina-
tion of blood flow direction. Therefore, this tech-
nology is considered to be particularly useful for
visualizing small vessels without any blooming.
Recently, a new technique of three-dimensional
ultrasonic angiography has been developed. Some
reports have detailed the three-dimensional imag-
ing of fetal blood flow using color Doppler or power
Doppler [1–4]. ADF may have some advantages
over color or power Doppler in three-dimensional
angiography because of the features described
above. The purpose of this report is to investigate
the accuracy with which fetoplacental vasculature
is depicted by three-dimensional ultrasonic angio-
graphy using ADF.
Materials and Methods
Approximately 100 placentas, umbilical cords and
fetuses, with or without any abnormalities, at vari-
ous gestational ages were investigated over a period
of 1 year. Transabdominal ultrasound examinations
were performed using ADF and a three-dimensional
ultrasound system (Aplio 80; Toshiba Medical Sys-
tems) with a 3.5-MHz real-time convex trans-
ducer with a position marker. Using this system,
several two-dimensional and ADF images were ob-
tained and converted into volume data for three-
dimensional image display. In this method, we per-
formed freehand scanning with the sector-scanning
bracket using a three-dimensional magnetic posi-
tion sensor that consisted of a receiver and a trans-
mitter (Fig. 1). Volume data acquisitions were ob-
tained by sweeping the transducer on the maternal
abdomen. The horizontal and vertical lengths of
the displayed three-dimensional image were based
on the body dimensions calculated by the diagnos-
tic ultrasound system. The depth of the displayed
three-dimensional image was calculated based on
the transducer movement data that were manually
entered by the operator. The acquired images were
rotated in the appropriate direction, and the un-
necessary portions were clipped. The display was
alternated between an ADF image and a composite
display of a black-and-white image as the situation
demanded.
Results
The normal umbilical cord of a normal pregnancy
is shown in Fig. 2. The blue-colored thin vessels are
the umbilical arteries, and the red-colored wide
vessel is the umbilical vein. Three vessels that are
located very close to each other can be observed
as distinctly separate vessels because of the reduced
overpainting by ADF technology.
Fig. 3 shows the site at which the umbilical
cord is inserted into the fetal surface of the placenta
in a normal pregnancy. While performing two-
dimensional ultrasonography, it is sometimes dif-
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Fig. 1. Three-dimensional acquisition freehand scanning
system using the Aplio 80.
Fig. 2. Normal umbilical cord of
a normal pregnancy.
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ficult to judge whether the cord is actually inserted
into the placenta or whether it merely touches the
placenta. Three-dimensional angiography using
ADF can clearly reveal the site at which the umbili-
cal cord is inserted into the placenta. It has been
previously reported that a higher visualization rate
of the site of placental cord insertion was achieved
by color Doppler ultrasound through a wide range
of gestational ages [5]. ADF may increase the vis-
ualization rate. In addition, Fig. 3 also shows the
small vasculature of the placenta. ADF enables the
detection of lower rates of blood flow. In this case,
since the placenta was anteriorly positioned, we
can observe the vasculature. The placental surface
vessels and the maternal vessels are clearly shown.
Since ADF does have a few limitations, including
poor signal sensitivity in deep regions, the evalu-
ation of the vasculature of the posterior placenta
is believed to be difficult.
Fig. 4 shows the fetal and umbilical vessels of
a fetus with an enlarged bladder, probably due to
urinary obstruction, at a gestational age of only 13
weeks. In a normal fetus, the umbilical vein enters
the fetus and ascends toward the liver and then to
the heart, and the blood is returned from the heart
through the aorta and the two hypogastric arteries.
However, in this case, there is only one hypogastric
artery. The anatomy of the fetal vessels was ob-
served to be abnormal, i.e. a single hypogastric
artery running under a huge cyst. Three-dimensional
Fig. 4. Fetal and umbilical vessels in a fetus with an enlarged bladder at 13 weeks of gestation. There is only one hypogastric
artery. Ao = aortic arch.
  A B Heart
Ao
Cord
Fig. 3. Umbilical cord insertion and placental vasculature.
The placental surface vessels (short arrow) and maternal
vessels in the placenta (long arrow) are shown.
  A
  B
J Med Ultrasound 005 • Vol 13 • No 22
3D US of Fetoplacental Vasculature Using ADF
77
ultrasonography enabled the determination that
the huge cyst was actually an enlarged bladder,
and that there was a single umbilical artery. This
pregnancy was artificially terminated at the mother’s
request.
Fig. 5 shows the umbilical and placental ves-
sels in a case of twin-to-twin transfusion syndrome
at 24 weeks of gestation. The umbilical vessels
of the recipient twin are wide, whereas those of
the donor twin are thin. Twin-to-twin transfusion
syndrome is characterized by hemodynamic im-
balance between the twins, secondary to unidi-
rectional flow through arteriovenous anastomoses.
We could not demonstrate the deep arteriovenous
anastomoses using the ultrasound technique; how-
ever, a superficial anastomosis between the twins
was clearly demonstrated.
Fig. 6 shows the three-dimensional imaging of
the portal and hepatic venous system. The anatomy
of the portal and hepatic venous system is complex
and difficult to comprehend by clinicians using
ordinary two-dimensional ultrasound. However, the
use of three-dimensional ADF imaging can assist
clinicians in this regard. The direction between the
umbilical vein and ductus venosus looks almost
straight. Hepatic veins join the inferior vena cava
and ductus venosus.
Discussion
ADF, which is loaded in the Toshiba Aplio series
of ultrasound systems (Toshiba Medical Systems),
employs the wideband Doppler, Doppler digital
image optimizer technique, and adaptive image
processing technique. This flow velocity mapping
method achieves a distance resolution and frame
rate that are comparable to those of real-time B-
mode ultrasound, but with less blooming. There-
fore, ADF is believed to be useful in the detailed
examination of small vessels. The use of ADF in
fetoplacental vascular imaging may provide high
precision images with excellent blood flow signal
specificity, and the advantages of using ADF over
conventional color Doppler in fetal echocardio-
graphy have already been reported [6,7]. Conven-
tional color Doppler ultrasound has a few limita-
tions, including insufficient distance resolution and
a high level of clutter and overpainting; however,
ADF can overcome these limitations.
The use of three-dimensional ultrasonic angio-
graphy has recently been reported [1–4]. With two-
dimensional ultrasonographic examinations, there
is a lack of clear images of the anatomic structures,
but with three-dimensional ultrasound, we can obtain
more accurate images that enable a better under-
standing of the anatomy.
The series in this report demonstrates that ADF
is suitable for the accurate depiction of fetoplacental
vasculature for the three-dimensional reconstruction
Fig. 5. Umbilical and placental vessels in a case of twin-
to-twin transfusion syndrome. A superficial anastomosis
between the twins is clearly demonstrated (arrow).
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Fig. 6. Portal and hepatic venous system of a normal fetus.
IVC = inferior vena cava.
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of vessels. Also, this technique of three-dimensional
ultrasonic angiography using ADF is reliable for
visualizing fetal, umbilical and placental vascula-
ture. Due to minimal overpainting with ADF, we
believe that quantitative evaluation of the fetopla-
cental vasculature will be possible after sufficient
data have been collected.
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